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(54) Vehicle following control with inhibition of braking action on loss of target 



(57) A vehicular velocity controller includes a calcu- 
lating section that calculates a target inter-vehicle dis- 
tance (L*) from the controlled vehicle to a preceding ve- 
hicle on the basis of a vehicular velocity ( V s ) detected 
by a velocity detector and an inter-vehicle distance (L) 
detected by a distance detector. A vehicular velocity 
controlling section performs velocity control to bring the 
detected inter-vehicle distance (L) substantially coinci- 
dent with the target inter-vehicle distance (L*). A vehic- 
ular deceleration stopping section performs decelera- 
tion control to stop the controlled vehicle in accordance 
with the inter-vehicle distance (Lq) pertaining immedi- 
ately before the distance detector has ceased to detect 
the preceding vehicle when the detected vehicular ve- 
locity (V s ) falls in a low vehicular velocity region lower 
than a predetermined velocity value while the distance 
detector does not detect the presence ot a preceding 
vehicle. 
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Description 



[0001] The present invention relates to preceding ve- 
hicle following control apparatus and method for an au- 
tomotive vehicle, which perform vehicular run control to 
follow a preceding vehicle which is running ahead of the 
vehicle maintaining an inter-vehicle distance from the 
vehicle to the preceding vehicle at a target inter-vehicle 
distance. 

[0002] Japanese Patent Application First Publication 
No. Heisei 6-320983 published on November 22, 1994 
exemplifies a previously proposed preceding vehicle fol- 
lowing control apparatus for an automotive vehicle. 
[0003] In the above-described previously proposed 
preceding vehicle following control apparatus, when the 
preceding vehicle has disappeared from a detection 
zone of an inter-vehicle distance sensor which is in- 
stalled on the vehicle, while the vehicle follows a pre- 
ceding vehicle, an acceleration/deceleration target val- 
ue which is immediately before the preceding vehicle 
has disappeared therefrom is held for a predetermined 
time duration. Hence, in a case where the preceding ve- 
hicle cannot be detected by means of the inter-vehicle 
distance sensor during a deceleration of the preceding 
vehicle due to some cause, the vehicle is decelerated 
for the predetermined time duration approximately at the 
same deceleration as the preceding vehicle. 
[0004] The above-described previously proposed 
preceding vehicle following control apparatus holds the 
acceleration/deceleration target value immediately be- 
fore the preceding vehicle has disappeared from the de- 
tection zone of the inter-vehicle distance sensor during 
the preceding vehicle following of the vehicle when the 
preceding vehicle has disappeared therefrom. Howev- 
er, there is often a case where the vehicle is gradually 
accelerated when the preceding vehicle has disap- 
peared therefrom. Especially, since the inter-vehicie dis- 
tance to the preceding vehicle is short while the vehicle 
is running at a relatively low vehicular velocity, there are 
many cases to give a mismatch to a vehicular driver's 
sense of vehicular driving. 

[0005] It is, therefore, an object of the present inven- 
tion to provide preceding vehicle following control appa- 
ratus and method for the automotive vehicle without giv- 
ing a mismatch to the vehicular driver's sense of vehic- 
ular driving when the vehicle is running in the preceding 
vehicle following control at a low vehicular velocity re- 
gion and the preceding vehicle has not been detected 
by an inter-vehicle distance detector. 
[0006] According to one aspect of the present inven- 
tion, there is provided a preceding vehicle following con- 
trol apparatus for an automotive vehicle, comprising, a 
vehicular velocity detector to detect a vehicular velocity 
of the vehicle; an inter-vehicle distance detector to trap 
a presence of a preceding vehicle which is running 
ahead of the vehicle and to detect an inter-vehicle dis- 
tance from the vehicle to the trapped preceding vehicle; 
a driving force controller to control a driving force trans- 



mitted from a prime mover to a road wheel axle; a brake 
controller to control a braking force applied to road 
wheels of the vehicle; and a vehicular velocity controller 
including a target inter-vehicle distance calculating sec- 
5 tion that calculates a target inter-vehicle distance on the 
basis of the vehicular velocity detected by the vehicular 
velocity detector and the inter-vehicle distance detected 
by the inter-vehicle distance detector, a first vehicular 
velocity controlling section that performs a vehicular ve- 
io locity control such that the vehicle follows up the pre- 
ceding vehicle maintaining the inter-vehicle distance at 
the target inter-vehicle distance through at least one of 
the driving force controller and the brake controller to 
bring the detected inter-vehicle distance substantially 
15 coincident with the target inter-vehicle distance, and a 
vehicular deceleration stopping section that performs a 
vehicular deceleration control in accordance with the in- 
ter-vehicle distance from the vehicle to the preceding 
vehicle immediately before a time point at which the in- 
20 ter-vehicle distance detector which trapped the pres- 
ence of the preceding vehicle has not detected the pre- 
ceding vehicle to stop the vehicle when the vehicular 
velocity detected by the vehicular velocity detector falls 
in a low vehicular velocity region lower than a predeter- 
25 mined velocity value and the inter-vehicle distance de- 
tector which trapped the presence of the preceding ve- 
hicle has not detected the preceding vehicle. 
[0007] According to another aspect of the present in- 
vention, there is provided a preceding vehicle following 
30 control method for an automotive vehicle, comprising: 
detecting a vehicular velocity of the vehicle; trapping a 
presence of a preceding vehicle which is running ahead 
of the vehicle and to detect an inter-vehicle distance 
from the vehicle to the trapped preceding vehicle; con- 
35 trolling a driving force transmitted from a prime mover 
to a road wheel axle; controlling a braking force applied 
to road wheels of the vehicle; calculating a target inter- 
vehicle distance on the basis of the detected vehicular 
velocity and the detected inter-vehicle distance; per- 
40 forming a vehicular velocity control such that the vehicle 
follows up the preceding vehicle maintaining the inter- 
vehicle distance at the target inter-vehicle distance 
through controlling at least one of the driving force and 
the braking force to bring the detected inter-vehicle dis- 
45 tance substantially coincident with the target inter-vehi- 
cle distance; and performing a vehicular deceleration 
control in accordance with the inter-vehicle distance 
from the vehicle to the preceding vehicle immediately 
before a time point at which the trapped preceding ve- 
50 hide has not been detected when the detected vehicular 
velocity falls in a low vehicular velocity region lower than 
a predetermined velocity value and the trapped preced- 
ing vehicle has not been detected. 
[0008] This summary of the invention does not nec- 
55 essarily describe all necessary features, so that the in- 
vention may also be a sub-combination of these de- 
scribed features 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Fig. 1 A is a schematic circuit block diagram of 
a first preferred embodiment of a preceding vehicle fol- 
lowing control apparatus according to the present inven- 
tion. 

[0010] Fig. 1 B is a schematic internal circuit block di- 
agram of a following controller shown in Fig. 1 A. 
[0011] Fig. 2 is a state transition diagram (STD) rep- 
resenting transition states in the following controller 
shown in Figs. 1A and 1B. 

[0012] Fig. 3 is an operational flowchart representing 
an example of a preceding vehicle following control pro- 
cedure executed in the following controller shown in 
Figs. 1Aand 1B. 

[001 3] Fig. 4 is an operational flowchart representing 
a normal control processing routine shown in Fig. 3. 
[0014] Fig. 5 is an operational flowchart representing 
a vehicular velocity processing routine shown in Fig. 3. 
[0015] Fig. 6 is an operational flowchart representing 
an inter-vehicle distance control processing routine 
shown in Fig. 3. 

[0016] Fig. 7 is an operational flowchart representing 
a temporary release processing routine shown in Fig. 3. 
[0017] Fig. 8 is an operational flowchart representing 
a deceleration control processing routine shown in Fig. 

3. 

[0018] Fig. 9 is an operational flowchart representing 
the deceleration control processing routine executed in 
the following controller of the preceding vehicle follow- 
ing control apparatus in a second preferred embodiment 
according to the present invention. 
[0019] Fig. 10 is a characteristic graph representing 
a relationship between a target driving (baking) force 
and a target braking pressure. 

[0020] Fig. 11 is an operational flowchart representing 
the inter-vehicle distance control processing routine ex- 
ecuted in the following controller of the preceding vehi- 
cle following control apparatus in a third preferred em- 
bodiment according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] Reference will hereinafter be made to the 
drawings in order to facilitate a better understanding of 
the present invention. 

First Embodiment 

[0022] Fig. 1 A shows a rough configuration represent- 
ing a rear- wheel driven vehicle to which a first preferred 
embodiment of a preceding vehicle following control ap- 
paratus according to the present invention is applicable. 
[0023] In Fig. 1A, 1FL and 1FR denote front left and 
right road wheels as non-driven wheels and 1 RL and 
1RR denote rear left and right road wheels as driven 
wheels. 
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[0024] The rear left and right road wheels 1RL and 
1RR are rotationally driven to which a driving force of 
an engine 2 is transmitted via an automatic transmission 
3, a propeller shaft 4, a final speed-reduction unit 5, and 

s a wheel axle 6. 

[0025] A disc brake 7 is installed on each of the front 
and rear left and right road wheels 1 FL, 1FR, 1RL and 
1RR to develop a braking force, and a braking liquid 
pressure (a brake hydraulic) to each disc brake 7 is con- 

io trolled by means of a brake controller 8. 

[0026] It is noted that the brake controller 8 develops 
the braking liquid (oil) pressure in accordance with a de- 
pression depth of a brake pedal (which corresponds to 
a brake manipulator, in a broad sense of term) and in 

is accordance with a braking pressure command value 
from a following controller 20. 

[0027] An engine output controller 9 is disposed on 
an engine 2 to control an output of the engine 2. The 
engine output controller 9 has adopted one of two en- 

20 gine output control methods, i.e. , a method of adjusting 
an opening angle of a throttle valve of the engine 2 to 
control an engine speed and another method of adjust- 
ing an opening angle of an idle control valve of the en- 
gine 2 to control an idling speed of the engine 2. In the 

2S first embodiment, the method of adjusting the opening 
angle of the engine throttle valve is adopted. 
[0028] A transmission (A/T) controller 10 is disposed 
on an automatic transmission 3 to control a gear position 
of the transmission 3. The transmission controller 10 is 

30 so arranged that when an up-shift/down-shift command 
value TS is received from the following controller 20 as 
will be described later, the gear position of the transmis- 
sion 3 is controlled to be shifted up or shifted down, as 
will be described later. 

35 [0029] On the other hand, an inter-vehicle distance 
sensor 1 2 constituted by a radar unit is disposed on a 
front lower end portion of the vehicle which sweeps a 
laser light beam in a front width-wise direction (so-called 
detection zone) of the vehicle and receives a reflected 

40 light beam from an object which is a preceding vehicle 
running ahead of the vehicle. The inter-vehicle distance 
sensor 1 2 traps a presence of the preceding vehicle and 
detects an inter-vehicle distance from the vehicle to the 
preceding vehicle as inter-vehicle distance detecting 

45 means. 

[0030] In the vehicle shown in Fig. 1 A, two wheel ve- 
locity sensors 13FL and 13FR which detect wheel ve- 
locities of, for example, the front left and right road 
wheels 1 FL and 1 FR which are the non-driven wheels, 

50 an accelerator switch 1 5 which detects a depression of 
an accelerator pedal 14 (which corresponds to an ac- 
celerator in a broad sense of term), a brake switch 17 
which detects a depression of the brake pedal 16, a set 
switch 18 which serves to set a following control, and a 

55 cancel switch 1 9 which serves to instruct a halt of the 
following control. 

[0031] The following controller 20 receives each out- 
put signal from the inter-vehicle distance sensor 1 2, the 
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wheel velocity sensors 1 3FL and 1 3FR. the accelerator 
switch 15, the brake switch 17, the set switch 18, and 
the cancel switch 19. 

[0032] The following controller 20, in accordance with 
a state transition diagram representing transition states 
on the following control shown in Fig. 2, is managed into 
five control states, viz., a normal control state VS such 
that the following control is not carried out; a vehicular 
velocity control state VS such that the vehicular velocity 
is maintained at a set vehicular velocity with no preced- 
ing vehicle detected; an inter-vehicle (distance) control 
state SS such that the preceding vehicle is detected; a 
temporary release state RS such that the following con- 
trol is temporarily released; and a deceleration control 
state DS such that the preceding vehicle has disap- 
peared from the detection zone and the vehicle is run- 
ning at a low vehicular velocity region. 
[0033] In details, the state transition from the normal 
control state NS to the vehicular velocity control state 
VS occurs when, in the normal control state NS in which 
no following control is carried out, the set switch 18 is 
turned on and the preceding vehicle is not trapped by 
means of the inter-vehicle distance sensor 1 2 The state 
transition from the vehicular velocity control state VS to 
the normal control state NS occurs when, in the vehic- 
ular velocity control state VS, either the brake switch 17 
or the cancel switch 1 9 is turned on. The state transition 
from the vehicular velocity control state VS to the tem- 
porary release state RS occurs when, in the vehicular 
velocity control state VS. the accelerator switch 15 is 
turned on. The state transition from the vehicular veloc- 
ity control state VS to the temporary release state VS 
occurs when, in the vehicular velocity control state VS, 
the inter-vehicle distance sensor 1 2 has trapped the pre- 
ceding vehicle. 

[0034] In addition, the state transition from the normal 
control state NS to the inter-vehicle distance control 
state SS occurs when, in the normal control state NS, 
the set switch 18 is turned on and the inter-vehicle dis- 
tance sensor 12 has trapped the preceding vehicle. The 
state transition from the inter-vehicle distance control 
state SS to the vehicular velocity control state VS occurs 
when, in the inter-vehicle distance control state SS, the 
preceding vehicle is not trapped and the vehicular ve- 
locity Vs is higher than a predetermined velocity value 
V 1 representing an upper limit of the low vehicular ve- 
locity region. The state transition from the inter-vehicle 
distance control state SS to the acceleration control 
state DS occurs when, in the inter-vehicle distance con- 
trol state SS, the preceding vehicle becomes a non- 
trapped state and the vehicular velocity of the vehicle 
Vs is lower than the predetermined vehicular velocity 
value V-, which corresponds to an upper limit value V L 
or V H to be described later. The state transition from the 
inter-vehicle distance control state SS to the temporary 
release state RS occurs when, in the inter-vehicle dis- 
tance control state SS, the accelerator switch 15 is 
turned on. The state transition from the inter-vehicle dis- 



tance control state SS to the normal control state NS 
occurs when, in the inter-vehicle distance control state 
SS. either the brake switch 17 or the cancel switch 19 
is turned on. 

s [0035] Furthermore, the state transition from the tem- 
porary release state RS to the vehicular velocity control 
state VS occurs when, in the temporary release state 
RS, the accelerator switch 15 is turned off and no pre- 
ceding vehicle is trapped. The state transition from the 
10 temporary release state RS to the inter-vehicle distance 
control state SS occurs when, in the temporary release 
state, the accelerator switch 1 5 is turned off and no pre- 
ceding vehicle is trapped. The state transition from the 
temporary release state RS to the inter-vehicle distance 
is control state SS occurs when, in the temporary release 
state RS, the accelerator switch 1 5 is turned off and the 
preceding vehicle has been trapped. 
[0036] The state transition from the deceleration con- 
trol state DS to the inter-vehicle distance control state 
20 SS occurs when, in the deceleration control state DS, 
the preceding vehicle is trapped and the vehicular ve- 
locity Vs does not indicate zero. The state transition from 
the deceleration control state NS to the normal control 
state NS occurs when, in the deceleration control state 
2S OS, any one of the accelerator switch 15, the brake 
switch 17, and the cancel switch 19 is turned on. It is 
noted that the following run controller 20 includes a mi- 
crocomputer whose basic structure is shown in Fig. 1 B. 
In Fig. 1B, the microcomputer has an MPU 20a (Micro- 
30 Processer Unit), an interrupt controller, DMA (Direct 
Memory Access) controller, RAM 20b (Random Access 
Memory), ROM 20c (Read Only Memory), an I/O inter- 
face 20d having an input port, an output port, and I/O 
controller, an address bus 20e, a data bus 20f, and a 
35 control bus 20g. 

[0037] Next, Fig. 3 shows a following control proce- 
dure executed in the following controller 20 for explain- 
ing an operation of the first preferred embodiment of the 
preceding vehicle following control apparatus shown in 
40 Fig. 1A. 

[0038] The following control procedure shown in Fig. 
3 is executed as a main routine. 
[0039] At a step S1 , the following controller 20 deter- 
mines it a control state flag FG is set to " DS " specifying 
45 the deceleration control state. 

[0040] if FG = " DS " (Yes) at the step SI , the routine 

goes to a step S2. 

[0041] At the step S2, the following controller 20 ex- 
ecutes a deceleration control processing routine as will 
50 be described later and the main routine of Fig. 3 is re- 
turned to the step S1 . 

[0042] If FG = ' DS ' (Yes) at the step S1 , the routine 
goes to a step S2. 

[0043] At the step S2, the following controller 20 ex- 
55 ecutes a deceleration control processing routine as will 
be described later and the main routine of Fig. 3 is re- 
turned to the step S1. 

[0044] If FG * ' DS " (No) at the step SI. the main 
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routine goes to a step S3. 

[0045] At the step S3, the following controller 20 de- 
termines if the control state flag FG is set to " SS" spec- 
ifying the inter-vehicle distance control state. 
[0046] If FG = ■ SS " (yes) at the step S3, the main 
routine goes to a step S4. At the step S4, the following 
controller 20 executes an inter-vehicle distance control 
processing routine as will be described later and the 
main routine is returned to the step S1. 
[0047] If FG * D SS " at the step S3 (No) : the main 
routine goes to a step S5. 

[0048] At the step S7, the following controller 20 de- 
termines if the control state flag FG is set to " RS " spec- 
ifying the temporary release state. 
[0049] If FG = u RS " (Yes) at the step S7, the main 
routine goes to a step S8. At the step S8, the following 
controller 20 executes a temporary release processing 
routine as will be described later and the main routine 
is returned to the step S1 . 

[0050] If FG * ■ RS " (No) at the step S7, the routine 
goes to a step S9. 

[0051] At the step S9, the following controller 20 ex- 
ecutes a normal control processing routine as will be de- 
scribed below and the main routine is returned to the 
step S1 . 

[0052] Fig. 4 shows the normal processing routine (as 
a subroutine) executed at the step S9 shown in Fig. 3. 
[0053] That is to say, at a step S21 , the following con- 
troller 20 determines if the set switch 18 is turned on. 
[0054] If the set switch 18 is turned on (Yes) at the 
step S21 . the routine goes to a step S23. 
[0055] If the set switch 1 8 is turned off (No) at the step 
S21 , the following controller 20 ends the following con- 
trol processing and executes an output stop processing 
such that the outputs therefrom to the brake controller 
8, the engine output controller 9. and the transmission 
controller 10 are all stopped. 

[0056] At the step S23, the following controller 20 de- 
termines if the preceding vehicle has been trapped by 
means of the inter-vehicle distance sensor 12. 
[0057] This determination is carried out by determin- 
ing if the inter-vehicle distance L detected by the inter- 
vehicle distance sensor 12 is equal to or shorter than a 
threshold value Ljh representing a detection limit dis- 
tance. 

[0058] If L % Ljh (yes) at the step S23, the following 
controller 20 determines that the preceding vehicle has 
been trapped and the routine goes to a step S24. At the 
step S24, the control state flag FS is set to " SS " rep- 
resenting the inter-vehicle distance control state. If No 
at the step S23 (L > L-rn), the routine goes to a step S25. 
[0059] At the step S25, the control state flag FG is set 
to ' VS p representing the vehicular velocity control state, 
and the routine is ended. 

[0060] Fig. 5 shows the inter-vehicle distance control 
processing routine at the step S4 shown in Fig. 3. 
[0061] At the step S31 shown in Fig. 5, the following 
controller 20 determines whether either the brake switch 



17 or the cancel switch 1 9 is turned on. 
[0062] If neither the brake switch 17 nor the cancel 
switch 19 is turned on (No) at the step S31 , the routine 
goes to a step S33. 
5 [0063] If either the brake switch 17 or the cancel 
switch 1 9 is turned on (Yes) at the step S31 , the routine 
goes to a step S32. 

[0064] At the step S32, the following controller 20 sets 
the control state flag FG to " NS representing the normal 

10 control state. 

[0065] At the step S33, the following controller 20 de- 
termines if the preceding vehicle has been trapped. 
[0066] If the vehicular switch 15 is turned on (Yes) at 
the step S35, the routine goes to a step S36 in which 

is the control state flag FG is set to " RS " representing the 
temporary release state. 

[0067] If the accelerator switch 15 is turned off (No) 
at the step S35, the routine goes to a step S37. 
[0068] At the step S37, the following controller 20 ex- 

20 ecutes the vehicular velocity control processing. 

[0069] If the accelerator switch 15 is turned on (Yes) 
at the step S35, the routine goes to the step S36 in which 
the control state flag FS is set to " RS " representing the 
temporary release state and the routine is ended. 

25 [0070] It is noted that a vehicular velocity servo sys- 
tem according to a model matching control technique 
constituted by a model matching compensator and a ro- 
bust compensator is disclosed in United States Patent 
No. 5 959 572 issued on September 28, 1999 or a gen- 

30 erally available feedback control system is applied to the 
vehicular velocity control processing. Hence, the driving 
force command value F OR and the disturbance estimat- 
ed value dv A to bring the vehicular velocity Vs of the ve- 
hicle coincident with a set vehicular velocity V SET to 

35 which the vehicular driver has set during the start of the 
preceding vehicle following control are calculated. The 
target driving force F* which is the deviation between 
these values is calculated. The vehicular velocity control 
to control the brake controller 8, the engine output con- 

40 troller 9, and the transmission controller 10 are control- 
led in accordance with the target driving force F* (target 
braking force) to perform the vehicular velocity control. 
[0071] The vehicular velocity Vs is derived as follow: 
a measurement value of either an elapsed time between 

45 pulses of pulse signals outputted by the wheel velocity 
sensors 13FL and 13FR or the number of pulses per 
unit time measured by the pulse signals from the wheel 
velocity sensors 1 3FL and 1 3FR is multiplied by an outer 
circumference length of each road wheel so as to cal- 

50 culate each road wheel velocity V WFL and V WFR and an 
average value thereof is derived to output its average 
value as the vehicular velocity Vs. 
[0072] It is noted that the vehicular velocity Vs may 
be derived from a detection of an output axle ol the au- 

55 tomatic transmission 3 or from a pseudo vehicular body 
velocity used in an anti-skid control system (ABS) 
mounted in the vehicle. 

[0073] Fig. 6 shows the inter-vehicle distance 
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processing routine (as a subroutine) at the step S4 
shown in Fig. 3. 

[0074] At a step S41. the following controller 20 de- 
termines if either the brake switch 17 or the cancel 
switch 19 is turned on. If either the brake switch 17 or 
the cancel switch 19 is turned on at the step S41 {yes), 
the routine goes to a step S42 in which the control state 
flag FS is set to ' NS ' specifying the normal control state 
and the routine is ended. 

[0075] If neither the brake switch 17 nor the cancel 
switch 19 is turned on at the step S41 (No), the routine 
goes to a step S43. At the step S43, the following con- 
troller 20 determines if the accelerator switch 15 is 
turned on. 

[0076] If the accelerator switch 15 is turned on (Yes) 
at the step S43, the present routine goes to a step S44 
in which the control state flag FG is set to " RS " speci- 
fying the temporary release state and the routine is end- 
ed. 

[0077] At the step S45, the following controller 20 de- 
termines if the preceding vehicle has been trapped. 
[0078] If the preceding vehicle has not been trapped 
at the step S45 (No) at the step S45, the routine goes 
to a step S46 At the step S46, the preceding vehicle 
following controller 20 determines if the vehicular veloc- 
ity Vs is equal to or longer than the predetermined ve- 
hicular value VL representing the upper limit value of the 
low vehicular velocity region (for example, approximate- 
ly 5 kmyh). If Vs ^ V L (Yes) at a step S48, the routine 
goes to a step S47 in which the control state flag FG is 
set to " VS" representing the vehicular velocity control 
state. If V s < V L (No) at the step S46, the routine goes 
to a step S48 in which the control state flag FG is set to 
" DS u and the routine is ended. If Yes at the step S46 
(Vs V L ), the routine goes to a step S49. At the step 
S49, the following controller 20 executes the inter-vehi- 
cle distance control and the routine is ended. 
[0079] In the inter-vehicle distance control, the follow- 
ing controller 20 differentiates the actual inter-vehicle 
distance L detected by means of the inter-vehicle dis- 
tance sensor 1 2 through a band pass filter or a high pass 
filter to calculate a relative velocity AV of the vehicle to 
the preceding vehicle. Then, the following controller 20 
calculates a target inter-vehicle distance L* from the ve- 
hicle to the preceding vehicle in accordance with the fol- 
lowing equation (1) from a time duration T 0 (so-called 
inter-vehicle time duration) for the vehicle to reach to a 
position Lq metres behind the preceding vehicle. 



L* = Vs 



V 0 + Ls 



(li- 



the following equation (2) with respect to the target inter- 
vehicle distance L* to derive an inter-vehicle distance 
command value L T . 



10 



[0080] In the equation (1), Ls denotes an offset time. 
[0081] Next, the target inter-vehicle distance L* cal- 
culated in accordance with the equation (1) undergoes 
a low-pass filtering in the form ol a second-order lag in 
accordance with a reference model G T (S) expressed in 



15 



30 



G T (s) = con 2 /{s 2 + 2£ -con s + ton 2 } 



(2) 



[0082] Next, a target vehicular velocity V* is calculat- 
ed in accordance with an equation (3) which has used 
a feedback compensator based on the inter-vehicle dis- 
tance command value L T . 



V* = Vt - {fd.(L T - L) + fd -AV} 



(3) 



[0083] Next, the vehicular velocity servo system or the 
generally available feedback system is applied to the 
calculations of the driving force command value FOR 
and the external disturbance value dv A both to make the 

20 target vehicular velocity V* substantially equal to the ve- 
hicular velocity Vs. The target driving force F* is calcu- 
lated on the basis of these deviations. The following con- 
troller 20 controls the brake controller 20, the engine out- 
put controller 9, and the transmission controller 10 in 

25 accordance with the target driving force F* so that the 
vehicular velocity is controlled to make the actual inter- 
vehicle distance L substantially equal to the target inter- 
vehicle distance L*. 

[0084] The temporary release routine is shown in Fig. 
7. 

[0085] At a step S51, the following controller 20 de- 
termines whether the accelerator switch 1 5 is turned off 
as shown in Fig. 7. 

[0086] The following controller 20 determines that the 
35 accelerator switch 15 is turned off at the step S51 as 
shown in Fig. 7 (Yes), the following controller 20 deter- 
mines that the following control should be continued and 
the routine goes to a step S55. 

[0087] At the step S55, the following controller 20 de- 
40 termines whether either the brake switch 1 7 or the can- 
cel switch 19 is turned on. If the following controller 20 
determines that the accelerator switch 15 is turned off 
or determines that the cancel switch 1 9 is turned off and 
that the vehicular driver has an intention to continue the 
45 following control and the routine goes to a step S52. At 
the step S52 : the following controller 20 determines if 
the preceding vehicle has been trapped. 
[0088] If the preceding vehicle has been trapped 
(Yes) at a step S52, the routine goes to a step S53 in 
50 which the control state flag FG is set to " SS " specifying 
that the inter-vehicle distance state and the routine is 
ended. 

[0089] If the preceding vehicle has not been trapped 
(No) at the step S62, the routine goes to a step S54 in 
55 which the control state flag FG is set to " VS " specifying 
the vehicular velocity control state and the routine is 
ended. 
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[0090] On the other hand, when the result of determi- 
nation at the step S51 that the accelerator switch is 
turned on, the following controller 20 determines that the 
present state is the deceleration state according to the 
driver's will and the routine goes to a step S55. 
[0091] At the step S55, the following controller 20 de- 
termines whether either the brake switch 1 7 or the accel- 
erator switch 15 is turned on, the routine goes to a step 
S55 in which the control state flag FG is set to " NS " spec- 
ifying the normal control state, and the routine is ended. 
[0092] If neither the brake switch 1 7 nor the acceler- 
ator switch 1 5 is turned on (No) at the step S55, the rou- 
tine goes to a step S57. At the step S57, all outputs to 
the brake controller 8, the engine output controller 9, and 
the transmission controller 10 are stopped. 
[0093] If the preceding vehicle has been trapped 
(Yes) at the step S52, the following controller 20 sets 
the control state flag FG to " SS " specifying the inter- 
vehicle distance control state, and the routine is ended. 
[0094] If no preceding vehicle is trapped, the routine 
goes to a step S54 in which the control state flag FG is 
set to " VS • specifying the inter-vehicle distance control 
state, and the routine is ended. 

[0095] Furthermore, Fig. 8 shows the deceleration 
control routine. 

[0096] The following controller 20 determines wheth- 
er any one of the accelerator switch 1 5, the brake switch 
16, and the cancel switch 19 is turned on at a step S61 
[0097] If any one of these switches 15, 16, and 19 is 
turned on (Yes) at a step S61 , the routine goes to a step 
S82. 

[0098] If all of the accelerator switch 15, the brake 
switch 16, and the cancel switch are turned off (No) at 
a step S61 : the routine goes to a step S64. 
[0099] At the step S64, the following controller 20 de- 
termines if the preceding vehicle is trapped and Vs > 0 
(viz., the vehicle is running). 

[0100] If neither the preceding vehicle is trapped nor 
Vs > 0 (No) at the step S64, the routine goes to a step 
S67. 

[0101] At the step S67, the following controller 20 de- 
termines if a control release flag FD is set to " 1 ". If the 
release flag FD is set to " 1 " (Yes) at the step S67, the 
routine jumps to a step S73. 

[0102] If FD * ' 1 "at the step S67 (No), the routine 
goes to a step S68. At the step S68, the following con- 
troller 20 set the release flag FD to " 1 *. 
[0103] At the next step S69, the following controller 
20 stores the vehicular velocity V 0 and the inter-vehicle 
distance Lq. 

[0104] That is to say, the vehicular velocity Vs(n-1) 
previously derived and the actual inter-vehicle distance 
L(n-1) previously derived are stored into a memory area 
such as the RAM 20b as the stored vehicular velocity 
V 0 and the stored inter-vehicle distance Lq at the time 
point at which the preceding vehicle is not trapped and 
the routine goes to a step S70 

[0105] At the next step S70, the following controller 



20 calculates a target movement distance L ST from a 
time point at which the preceding vehicle has disap- 
peared to a time point at which the vehicle has stopped 
using the following equation (4) on the basis of the 
stored inter-vehicle distance Lq. 



w 



15 



20 



L ST = L 0 - Lk 



(4) 



[0106] In the equation (4), Lk denotes a constant and 
is set, for example, to 5 metres or so on. 
[0107] At the next step S71, the following controller 
20 calculates a target deceleration a using an equation 
given as the equation (5) on the basis of a stored vehic- 
ular velocity V 0 and a target movement distance Lqj to 
derive a target deceleration a. 



a = V 0 "/2-L ST 



(5) 



[0108] This equation (5) means that the vehicle 
moves and stops by a distance l_s T if the vehicle is de- 
celerated at a constant deceleration from an initial ve- 
hicular velocity V 0 . 

25 [Q109] Next, the routine goes to a step S72 in which 
a count value N of a distance counter representing a 
running distance is started upon a time at which the pre- 
ceding vehicle has disappeared is cleared to n 0 " and 
the count value of N is started. The distance counter is 

30 constituted by a software counter which is incrementally 
counted when either one pulse of the road wheel veloc- 
ity sensors 13FL and 13FR to detect road wheel veloc- 
ities of the non-driven wheels is outputted. 
[0110] Next, the routine goes to a step S72 

55 [0111] At the step S72, the following controller 20 
clears the distance counter count value N to " 0 *, N rep- 
resenting the count value of the distance counter which 
represents the running distance at which the preceding 
vehicle has disappeared and has started 

40 [011 2] This distance counter is constituted by the soft- 
ware counter incrementally counted whenever either of 
the pulses of the wheel velocity sensors 1 3FL and 1 3FR 
is counted to detect the wheel velocities of the non-driv- 
en wheels. 

45 [0113] Next, at a step S73, the following controller 20 
reads the count value N of the distance counter and mul- 
tiplies an outer peripheral length LW of the road wheel 
to calculate a running distance Lq U {- N -L w ). 
[0114] Then, the routine goes to a step S74. 

50 [0115] At the step S74, the following controller 20 de- 
termines whether the calculated running distance Lc N 
calculated at the step S70. If Lc N < L ST at a step S75, 
the routine goes to a step S75, the following equation 
(6) is calculated to derive the target braking pressure 

55 P B * and the routine goes to a step S77. 
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P B * = K • a (6) 

[0116] In the equation (6), K denotes a constant. 
[0117] In addition, if the result of determination at a 
step S74 is L CN ^ L ST . the following controller 20 deter- 
mines that the calculated running distance Lc N is in ex- 
cess of the target movement distance L ST calculated at 
the step S70. 

[01 18] IF Lcm < L ST at the step S74, the following con- 
troller 20 determines that the running distance Lc N be- 
comes equal to or exceeded the target movement dis- 
tance and the routine goes to a step S76. At the step 
S76, the target braking pressure P MAX is set to the target 
braking pressure P B * and the routine goes to a step S77. 
[0119] At the step S77, the deceleration control rou- 
tine is ended, with a target braking pressure P B * calcu- 
lated at a step S75 or S76 outputted to the braking con- 
troller 8. 

[0120] The vehicular velocity control procedure 
shown in Fig. 5 and the inter-vehicle distance control 
procedure shown in Fig. 6 correspond to following con- 
trolling means. 

[0121] The steps S45, S46, and S46 in the inter-vehi- 
cle distance control procedure and the deceleration con- 
trol procedure shown in Fig. 8 corresponds to deceler- 
ation stopping means. 

[0122] Suppose, now, that the set switch 18 is turned 
off and the vehicle is running in the normal control state 
with the following control released. 
[0123] In this state, since the control state flag FG is 
set to " NS the main routine shown in Fig. 3 goes to 
the step S9 via the steps S1 . S5, and S7 and the normal 
control processing routine shown in Fig. 4 is executed. 
[0124] If the set switch 18 is turned off, the routine 
goes from the step S21 shown in Fig. 4 to the step S22. 
At the step S24, all of the output signals to the brake 
controller 8, the engine output controller 9, and the 
transmission controller 1 0 are stopped with the following 
control continued to be released. 
[0125] Suppose that, in the above-described normal 
control state, the set switch 18 is turned on to set the 
set vehicular velocity VSET During the execution of the 
normal control state procedure shown in Fig. 4, the rou- 
tine goes from the step S21 to the step S23. If the inter- 
vehicle distance sensor 12 has trapped the preceding 
vehicle, the routine goes from the step S23 to the step 
S24 in which the control state flag FG is set to " SS ". 
[0126] Therefore, when the main routine of the follow- 
ing control procedure shown in Fig. 3 is executed, the 
routine goes from the step S3 to the step S24 in which 
the inter-vehicle distance control processing routine 
shown in Fig. 6 is executed. 

[0127] Since each of the brake switch 17, the cancel 
switch 19, and the accelerator switch 15 is turned off 
and the preceding vehicle is trapped, the routine goes 
to the step S49 in which the subroutine of the inter-ve- 



hicle (distance) control procedure shown in Fig. 6 is ex- 
ecuted. 

[0128] At the step S49, the following controller 20 cal- 
culates the relative velocity AV to the preceding vehicle 
5 on the basis of the actual inter-vehicle distance L de- 
tected by means of the inter-vehicle distance sensor 12, 
calculates the target inter-vehicle distance L* on the ba- 
sis of the relative velocity AV, the vehicular velocity Vs 
of the vehicle, and the inter-vehicle time duration T 0> cal- 
10 culates the target vehicular velocity V* on the basis of 
the target inter-vehicle distance L*, calculates the target 
driving force F* (the target driving force includes the tar- 
get braking force since a negative value of the target 
driving force means the target braking force), and man- 
15 ages the brake controller 8, the engine output controller 
9, and the transmission controller 10 on the basis of the 
target driving force F* to perform the vehicular velocity 
control in such a manner that the actual inter-vehicle dis- 
tance L is made substantially equal to the target inter- 
ne vehicle distance L\ Then, the above-described inter-ve- 
hicle (distance) control is executed. 
[0129] In the above-described inter-vehicle distance 
control, either the brake switch 17 or the cancel switch 
19 is turned on, the routine shown in Fig. 6 goes from 
25 the step S41 to the step S42. 

[01 30] Since the control state flag FG is set to n NS 
the normal control procedure shown in Fig. 4 is executed 
when the procedure shown in Fig. 3 is executed at the 
next interval of time Then, the following control state is 
30 released and the control state is returned to the normal 
control state. 

[0131] In addition, when the accelerator pedal 14 is 
depressed according to the vehicular driver's will under 
the inter-vehicle distance control state, the routine 

35 shown in Fig. 6 goes from the step S43 to the step S44. 
At the step S44, the control state flag FG is set to B RS". 
[0132] Next, when the main routine of Fig. 3 is exe- 
cuted, the temporary release procedure shown in Fig. 7 
is executed. When, in the temporary release state, the 

40 acceleration state is ended with the depression of the 
accelerator pedal 14 released, the routine shown in Fig. 
7 goes from the step S51 to the step S52 since the ac- 
celerator switch 1 5 is turned off. 

[0133] If, then, the preceding vehicle has been 
45 trapped, the control state of the temporary release state 
is returned to the inter-vehicle distance control state. If 
not trapped at the step S54, the control state flag FG is 
set to " VS ". When the main routine shown in Fig. 3 is 
executed at the next interval of execution time, the ve- 
so hicular velocity in Fig. 3 is executed. 

[0134] In the vehicular velocity control processing 
routine, the following controller 20 sets the target accel- 
eration to make the vehicular velocity Vs substantially 
equal to the set vehicular velocity V SET which is set by 
55 the vehicular driver. 

[01 35] The opening angle 8 to be outputted to the en- 
gine output controller 9 is controlled in accordance with 
the target acceleration(the target acceleration includes 
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the target deceleration since a negative value of the tar- 
get acceleration indicates the target deceleration). 
When the vehicle is running on a descending slope, an 
engine braking control caused by the down-shift control 
through the transmission controller 10 and/or the brake 
controller 8. 

[0136] When, in the vehicular velocity control, either 
the brake switch 1 7 or the cancel switch 1 9 is turned on, 
the control state flag FG is set to B NS the following 
control is released and the control state is returned to 
the normal control state. If the preceding vehicle is 
trapped, the control state flag FG is set to * SS " and the 
processing enters into the inter-vehicle (distance) con- 
trol state. 

[0137] If the accelerator switch 15 is turned on, the 
control state flag FG is set to " RS " to fall into the tem- 
porary release state 

[0138] Furthermore, in the inter-vehicle (distance) 
control state, if the preceding vehicle has disappeared 
Irom the detection /one ol the inter-vehicle distance 
sensor 12 and the vehiculai velocity Vs falls in the nor- 
mal running vehicular velocity region which is equal to 
or higher than the preset vehicular velocity V L represent- 
ing the upper limit value of the low velocity region, the 
routine shown in Fig. 6 goes from the step S45 to the 
step S46 and goes to the step S47. If the control state 
flag FG is set to " VS B the control state is transferred 
to the vehicular velocity control state. 
[0139] However, in the low vehicular velocity region 
in which the vehicular velocity is lower than the present 
vehicular velocity V L , the routine shown in Fig. 6 goes 
from the step S46 to the step S48 in which the control 
state flag FG is set to " DS " and the deceleration control 
procedure shown in Fig. 8 is executed in the routine 
shown in Fig. 3. 

[0140] At this time, since all of the accelerator switch 
15, the brake switch 17, and the cancel switch 19 are 
turned off, the routine goes from the step S61 to the step 
S64. 

[0141] Since the preceding vehicle is not trapped and 
the vehicle is running at the low velocity region, the rou- 
tine goes to the step S68 in which the deceleration con : 
trol state flag FD is set to " 1 " and both the vehicular 
velocity V 0 and the inter-vehicle distance L0 which are 
immediately before the preceding vehicle has disap- 
peared from the detection zone are read. Then, the fol- 
lowing controller 20 calculates the target movement dis- 
tance L ST to make the vehicle slop on the basis ol the 
inter-vehicle distance L0, calculates the target deceler- 
ation a using the equation (4) on the basis of the target 
movement distance L sx and the vehicular velocity V 0 , 
clears the count value N of the distance counter to " 0 " 
to start the count of pulses from the vehicular velocity 
sensors 1 3FL and 1 3FR. 

[0142] Since, at this time point, it is an immediate after 
the deceleration control is started, the running distance 
L CN maintains zero and is shorter than the target move- 
ment distance L ST Hence, the routine goes Irom the 
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step S74 to the step S75. At the step S75. the following 
controller 20 calculates the target braking pressure P B * 
by multiplying the target deceleration a with the constant 
K, this being outputted to the brake controller 8 so that 
5 the braking pressure of each disc plate 7 is controlled 
so that the vehicle is decelerated at the target deceler- 
ation a. 

[0143] Thereafter, when the off state ol the accelera- 
tor switch 1 5, the brake switch 1 7, and the cancel switch 

10 1 9 is continued and the state at which no preceding ve- 
hicle is trapped is continued, the routine goes from the 
step S67 to the step S73. Since, at this time, the vehicle 
is decelerated, the running distance Lq U is increased. 
While the running distance Lc N maintains at a distance 

is shorter than the target movement distance L ST , the de- 
celeration state at which the target deceleration a is 
maintained is continued. When the vehicle is immedi- 
ately before the complete stop and the running distance 
by which the vehicle was running indicates being 

20 equal to or in excess of the target movement distance 
I_st» the routine from the step S74 to the step S76 in 
which the target braking pressure P B * is set to the max- 
imum braking pressure P B * is set to the maximum brak- 
ing pressure P^ax Accordingly, a maximum braking 

25 force is developed across each disc brake 7 and the ve- 
hicle stops. 

[0144] Then, suppose that, when the vehicle stops 
and the vehicular driver depresses the accelerator pedal 
14 to be in the acceleration state, the routine shown in 

30 Fig 6 goes from the step S61 to the step S62 in which 
the control state flag FG is set to B NS " . Then, the de- 
celeration control state flag FD is reset to w 0 " so that 
the control state is returned to the normal control state. 
[0145] On the other hand, if the vehicle is decelerated 

35 and the preceding vehicle is trapped, the routine shown 
in Fig. 6 goes from the step S64 to the step S65 in which 
the control state flag FG is set to ' 1 " but the deceleration 
control state flag FD is reset to " 0 " and the inter-vehicle 
distance (distance) control is resumed. 

40 [0146] As described above, when (in the first embod- 
iment of the preceding vehicle following controlling ap- 
paratus), in the inter-vehicle (distance) control state 
such that the vehicular velocity is controlled to make the 
actual inter-vehicle distance L coincident with the target 

45 inter-vehicle distance L* with the preceding vehicle 
trapped, the inter-vehicle distance sensor 1 2 cannot de- 
tect the preceding vehicle due to any cause and the ve- 
hicular velocity Vs falls in a normal running vehicular ve- 
locity range (which is equal to or higher than the preset 

50 vehicular velocity V L representing the upper limit value 
of the low vehicular velocity range), the following con- 
troller 20 performs the vehicular velocity control to make 
the vehicular velocity Vs substantially equal to the set 
vehicular velocity V SET set by the vehicular driver. How- 

55 ever, if the vehicular velocity Vs falls within the low ve- 
hicular velocity region (which is lower than the preset 
vehicular velocity V L ), the following controller 20 calcu- 
lates the target movement distance LST on the basis of 
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the vehicular velocity V 0 and the inter-vehicte distance 
L 0 immediately before the preceding vehicle has disap- 
peared trom the detection zone of the inter-vehicle dis- 
tance sensor 1 2, calculates the target deceleration a on 
the basis of the stored target movement distance U; T 
and the stored vehicular velocity VO, stops the vehicle 
after the deceleration state such as to maintain the tar- 
get deceleration a. Consequently, the vehicle can pos- 
itively be prevented from being accelerated when the 
preceding vehicle is not trapped and in a case where 
the inter-vehicle distance sensor 1 2 cannot trap the pre- 
ceding vehicle by means of the inter-vehicle distance 
sensor 1 2 due to some cause but the so-called preced- 
ing vehicle is present, the mismatch to the vehicular driv- 
er's sense of vehicular driving can positively be prevent- 
ed, and so-called tail safe function can be exhibited. 
[0147] Although, in the first embodiment, the number 
of pulses in the pulse train signal of the wheel velocity 
sensors 1 3FL and 1 3FR are counted in the acceleration 
control procedure shown in Fig. 8 and the counted 
number of pulses is multiplied by the road wheel outer 
circumference length to derive the running distance Lc N . 
However, alternatively, a counted number of a vehicular 
odometer may be used as the running distance or the 
running distance may be calculated on the basis of an 
elapsed time between the respective pulses of the pulse 
signal and the vehicular velocity. 

[01 48] It is noted that, in the first embodiment, the tar- 
get inter-vehicle distance L* is calculated on the basis 
of the vehicular velocity Vs. However, in the inter-vehicle 
distance L may be differentiated through a band-pass 
filtering or a high-pass filtering to calculate a relative ve- 
locity AV, the relative velocity AV may be added to the 
vehicular velocity Vs to calculate a vehicular velocity of 
the preceding vehicle Vt, and, then, the target inter-ve- 
hicle distance L* may be calculated on the basis of the 
vehicular velocity Vt of the preceding vehicle. 
[0149] It is also noted that, in the first embodiment, 
the laser radar is applied to the inter-vehicle distance 
detecting means (the inter-vehicle distance sensor 12). 
However, the inter-vehicle distance may be calculated 
using a millimetre wave radar, or alternatively using an 
image processing of an image photographed by a ster- 
eoscopic camera. 

[0150] It is also noted that although, in the first em- 
bodiment, the vehicular velocity is calculated from the 
wheel velocities of the tront road wheels, viz., the non- 
driven wheels, a vehicular body velocity may be estimat- 
ed from four wheel velocities including the driven wheels 
(rear road wheels 1 RR and 1RL). Furthermore, a revo- 
lution velocity on an output axle of the automatic trans- 
mission 3 may be used to measure the vehicular veloc- 
ity. 

Second Embodiment 

[0151] Fig 9 shows another deceleration control 
processing routine executed at the step S2 of the main 



routine shown in Fig. 3 in place of Fig. 8 as a second 
preferred embodiment of the preceding vehicle follow- 
ing control apparatus according to the present invention. 
[0152] In the second embodiment, the deceleration 
5 control procedure to be executed when the preceding 
vehicle cannot be detected by means of the inter-vehicle 
distance sensor 12 provides smooth vehicular velocity 
variations when the deceleration start occurs and when 
the vehicle is about to stop in place of providing the ve- 
10 hicular deceleration at the constant deceleration. 

[0153] In details, in the second embodiment, the de- 
celeration control processing routine shown in Fig. 9 
eliminates the step S72 through S77 shown in Fig. 8 de- 
scribed in the first embodiment but stops S81 through 
is S84 are inserted in place of the eliminated steps S72 
through S77 shown in Fig. 8. The other steps are the 
same as those described in Fig. 8. Then, the detailed 
description of the same numbered steps will herein be 
omitted. 

20 [0154] At the step S81, the following controller 20 
clears the count value T to zero (" 0 ") of a timer counter 
measuring an elapsed time from a time point at which 
the deceleration is started. 

[0155] Then, the routine in Fig. 9 goes to the step S83. 
25 [01 56] In addition, if the result of the deceleration con- 
trol flag FD is * 1 ' (Yes) at the step S67, the routine goes 
to the step S82. At the step S82, the count value T of 
the time counter is incremented by one (T = T + 1) and 
the routine goes to the step S83. 
30 [0157] At the step S83, the following controller 20 in- 
creases negatively the deceleration at a relatively large 
gradient on the basis of the target deceleration a calcu- 
lated at the step S71 described above when the decel- 
eration start occurs, maintains the deceleration which 
35 equals the target deceleration a and calculates a target 
deceleration profile shown at an upper part of the step 
S83 such that the deceleration is reduced at a small gra- 
dient as compared with the occurrence of the decelera- 
tion start. 

40 [0158] On the basis of the calculated target deceler- 
ation profile according to the elapsed time T as shown 
at a lower part of the step S83 such that the vehicular 
velocity is reduced at a relatively moderate vehicular ve- 
locity decrease state when the deceleration start occurs 
45 and, thereafter, the relatively steep vehicular velocity 
decreasing state occurs according to the target decel- 
eration a occurs. Then, the target vehicular velocity V* 
in accordance with the elapsed time T is set and the rou- 
tine goes to the step S84. 
50 [01 59] At the step S84, the following controller 20 cal- 
culates the target driving force F* on the basis of the 
target vehicular velocity V* set by the model matching 
compensator and the robust compensator in the same 
way as the inter-vehicle (distance) control procedure de- 
55 scribed above, calculates the target braking pressure 
P B * by referring to a control map, for example, shown in 
Fig 10 on the basis of the target driving force F\ and 
outputs the target braking pressure P B * to the braking 
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controller 8 to perform the deceleration control. Then, 
the deceleration control procedure is ended and the rou- 
tine is returned to the main routine shown in Fig. 3. 
[01 60] It is noted that the processing routine shown in 
Fig. 9 corresponds to the deceleration controlling 
means, the step S83 corresponds to the target vehicular 
velocity calculating means, and the step S83 corre- 
sponds to the vehicular velocity controlling means. 
[0161] In the second embodiment described above, 
the deceleration control procedure shown in Fig. 9 is ex- 
ecuted when the preceding vehicle is trapped, in the in- 
ter-vehicle (distance) control state to follow the preced- 
ing vehicle cannot be trapped due to some cause, and 
the vehicular velocity Vs falls in a low vehicular velocity 
range lower than the preset vehicular velocity V L . 
[0162] Since the deceleration control state flag FD is 
reset to " 0 " during the deceleration control start, an 
initialization processing of the step S67 and the steps 
S68 through S7 1 is performed to calculate the target de- 
celeration a . Al the step S81, the count value T ol the 
elapsed time counter is reset to " 0 " and the routine 
goes to the step S83. 

[0163] Therefore, although the deceleration of the de- 
celeration profile during the start of the deceleration con- 
trol indicates zero ( 9 0 9 ) so that the target vehicular ve- 
locity V* is maintained at the vehicular velocity V0, the 
count value T of the elapsed time counter is reset to " 0 8 
and the routine goes to the step S83. 
[01 64] Therefore, although the target vehicular veloc- 
ity V* is maintained at the vehicular velocity V 0 when the 
deceleration of the deceleration velocity profile during 
the deceleration control start indicates zero, the count 
value T of the elapsed time counter is incrementally 
counted at the next timer interrupted period. 
[0165] Hence, the deceleration is increased and the 
target vehicular velocity V* is moderately decreased, 
and the target braking pressure P B * which is relatively 
small is set. Thus, each disc brake 7 is controlled by 
means of the brake controller 8 to develop the braking 
force. 

[0166] Thereafter, when the deceleration reaches to 
the target deceleration a, the target vehicular velocity 
V* is decreased at the constant deceleration and the ve- 
hicular velocity Vs is decreased to make the vehicular 
velocity Vs substantially equal to the target vehicular ve- 
locity V* and the vehicular deceleration starts to be de- 
creased in accordance with the deceleration profile 
when the vehicle is about to stop. At this time, the de- 
creasing rate of the target vehicular velocity V* is grad- 
ually reduced, the braking force developed across each 
disc brake 7 is gradually decreased, and the vehicle is 
smoothly stopped. 

[0167] In the second embodiment, when the preced- 
ing vehicle is not trapped in a state wherein the vehicular 
velocity Vs falls in the low vehicular velocity region, the 
deceleration control is performed which accords with the 
vehicular driver's braking operation. Consequently, no 
mismatch to the vehicular driver's sense of the vehicular 



driving can occur. 
Third Embodiment 

s [0168] Fig. 1 1 shows the inter-vehicle (distance) con- 
trol processing routine executed in a third preferred em- 
bodiment of the preceding vehicle following control ap- 
paratus according to the present invention. In the third 
embodiment, the following controller 20 carries out the 

10 deceleration control when the preceding vehicle sub- 
stantially stops even in a case where, when the preced- 
ing vehicle is not trapped, the vehicular velocity Vs falls 
in the vehicular velocity range slightly higher than the 
preset vehicular velocity V L . 

is [01 69] That is to say, in the third embodiment, the fol- 
lowing controller 20 determines whether the vehicular 
velocity Vs is equal to or higher than another preset ve- 
hicular velocity V H (for example, approximately 10 km/ 
h) which is slightly higher than the preset vehicular ve- 

20 locity V L described in each of the first and second em- 
bodiments at a step S46* shown in Fig 11 as is different 
from the step S46 shown in Fig. 6 described in the first 
embodiment. If Vs ^ V H (Yes) at the step S46', the rou- 
tine goes to the step S47 described with reference to 

25 Fig. 6. However, if Vs < V H (No) at the step S46\ the 
routine goes to a step S91 . At the step S91 , the following 
controller 20 adds a differential value of L0' on the inter- 
vehicle distance L0 to the vehicular velocity V 0 immedi- 
ately before the preceding vehicle is not trapped, to de- 

30 rive a vehicular velocity Vt of the preceding vehicle (Vt 
= V 0 + Lq). At the next step S92, the following controller 
20 determines that the vehicular velocity Vt {- V 0 + L^) 
of the preceding vehicle indicates approximately zero. 
If Vt = 0 (Yes) at the step S92, the following controller 

35 20 determines that the preceding vehicle has approxi- 
mately stopped and the routine goes to the step S48 in 
which the control state flag FG is set to " DS " represent- 
ing the deceleration control state and the routine is end- 
ed. If the vehicular velocity of the preceding vehicle Vt 

40 is not approximately equal to zero (No) at the step S92, 
the routine goes to a step S93 in which the following 
controller 20 determines if the vehicular velocity Vs is 
equal to or higher than a preset vehicular velocity V L . 
[0170] If Vs ^ V L (Yes) at the step S93, the routine 

45 goes to the step S47. If Vs < V L (No) at the step S93, 
the routine goes to the step S48. 
[0171] In the processing routine shown in Fig. 11, the 
steps S45, S46, and S48 and the steps S91 through 
S93, and the steps shown in Figs. 8 or 9 correspond to 

so the vehicular velocity controlling means. The content of 
the step S91 corresponds to preceding vehicle vehicular 
velocity estimating means. 

[0172] In the third embodiment, when the vehicular 
velocity Vs is equal to or higher than the other preset 
ss vehicular velocity V H which is slightly higher than the 
preset vehicular velocity V L in the first embodiment and, 
in this state, the preceding vehicle is not trapped, the 
vehicular velocity control processing shown in Fig. 5 is 
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executed so that the vehicle is accelerated up to the set 
vehicular velocity V SET set by the vehicular driver. When 
the vehicular velocity Vs is lower than the preset vehic- 
ular velocity VH and the vehicular velocity Vt of the pre- 
ceding vehicle is estimated to be approximately zero so 
that the vehicle approximately stops. At this time, the 
deceleration processing shown in Fig. B or Fig. 9 is ex- 
ecuted and the vehicle is decelerated and stopped. 
[0173] If the vehicular velocity Vs falls in V L ^ Vs < V H 
and the vehicular velocity Vt of the preceding vehicle is 
in the running state not indicating approximately zero, 
the inter-vehicle (distance) control shown in Fig. 5 is ex- 
ecuted. If the vehicular velocity Vs becomes lower than 
the preset vehicular velocity V L , the deceleration control 
shown in Fig. B or 9 is executed irrespective of the ve- 
hicular velocity Vt of the preceding vehicle. 
[0174] Hence in a state wherein the vehicular velocity 
Vs falls in the low vehicular velocity region which is high- 
er than the present vehicular velocity V L described in 
either the firsl or second embodiment but is lower than 
the other pieset vehicular velocity V H and the preceding 
vehicle is approximately stopped, the deceleration con- 
trol is executed so that the vehicle stops without a quick 
narrowing of the inter-vehicle distance. Hence, an op- 
portunity for the control state to be transferred into the 
deceleration control state is increased so that the 
number of times (frequency) by which the mismatch to 
the vehicular driver's sense of vehicular driving occurs 
can be reduced 

[0175] In addition, when the vehicular velocity Vs falls 
in a vehicular velocity region between the preset vehic- 
ular velocity V H and the other preset vehicular velocity 
V L , the vehicular deceleration is carried out only when 
the preceding vehicle is in the acceleration state, the 
vehicle immediately becomes vehicular velocity control 
state and becomes accelerated so that an optimum ve- 
hicular behavior can be achieved in accordance with a 
behavior of the preceding vehicle. 
[0176] It is noted that, in the third embodiment, the 
vehicular velocity V 0 and the differential value of Lo' of 
the inter-vehicle distance Lq are used to calculate V t . 
[0177] However, since, as described in the first em- 
bodiment, the relative velocity AV of the vehicle to the 
preceding vehicle is calculated in the inter-vehicle (dis- 
tance) control procedure, the vehicular velocity Vt of the 
preceding vehicle may be calculated by adding the ve- 
hicular velocity Vs to the relative velocity AV 
[0178] It is also noted that, in each of the first, second, 
and third embodiments, in the inter-vehicle (distance) 
control procedure at the step S49 shown in Fig. 6 or Fig. 
11, the target vehicular velocity V* is calculated on the 
basis of the deviation between the target inter-vehicle 
distance L* and the actual inter-vehicle distance L in or- 
der to perform the vehicular velocity control in such a 
manner that the vehicular velocity Vs is made substan- 
tially equal to the target vehicular velocity V*. However, 
the target acceleration may be calculated on the basis 
of the deviation between the target inter-vehicle dis- 



tance L* and the actual inter-vehicle distance L and on 
the basis of which the following controller 20 may control 
the brake controller 8. the engine output controller 9. and 
the automatic transmission controller 10. 
5 [0179] In each of the first, second, and third embodi- 
ments, the wheel velocity sensors 13FL and 13FR are 
applied as vehicular velocity detecting means. However, 
the tour wheel velocities of the front left and right road 
wheels may be detected, may be based on an estima- 
te tion of a vehicular body velocity which corresponds to 
the vehicular velocity. Or alternatively, the vehicular ve- 
locity may be detected by the detection of a revolution 
speed of an output shaft of the automatic transmission 3. 
[0180] Furthermore, in each of the first, second, and 
is third embodiments, the automatic transmission 3 is ap- 
plicable to an output shaft of the engine 2. However, a 
continuously variable transmission (CVT) may be ap- 
plied to the output shaft of the engine 2. 
[0181] In each embodiment, the present invention is 
20 applicable to he rear-wheel driven vehicle (as shown in 
Fig. 1 A). However, the present invention is applicable to 
a front-wheel drive vehicle or to a four-wheel drive 
(4 WD) vehicle. Furthermore, the present invention is ap- 
plicable to an electric vehicle in which an electric motor 
2S is applied in place of the engine 2 or a hybrid vehicle in 
which the engine 2 and the electric motor are used to- 
gether as the prime mover. In these application cases 
of the electric vehicle and the hybrid vehicle, an electric 
motor controller may be applied in place of the engine 
30 output controller or together with the engine output con- 
troller. 

[0182] It is noted that a vehicular velocity controller 
described in the claims corresponds to the following 
controller 20 described in each embodiment. 
35 [0183] It is also noted that a predetermined velocity 
value corresponds to the preset vehicular velocity V L , 
another predetermined velocity value corresponds to 
the other present vehicular velocity V H , and V L < V H . 
[0184] The entire contents of Japanese Patent Appli- 
40 cation No. Heisei 11-1 86496 (filed in Japan on June 30, 
1999) are herein incorporated by reference. Although 
the invention has been described above by reference to 
certain embodiment of the invention, the invention is not 
limited to the embodiments described above. Moditica- 
45 tions and variations of the embodiments described 
above will occur to those skilled in the art in the light of 
the above teachings. The scope of the invention is de- 
fined with reference to the following claims. 
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Preceding vehicle following control apparatus for an 
automotive vehicle, comprising: 

a vehicular velocity detector (1 3) to detect a ve- 
hicular velocity (V s ) of the controlled vehicle; 
an inter-vehicle distance detector (1 2) to trap 
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the presence of a preceding vehicle and to de- 
tect an inter-vehicle distance (L) from the con- 
trolled vehicle to the trapped preceding vehicle; 
a driving force controller (9, 1 0) to control a driv- 
ing force transmitted from a prime mover (2) to s 
a road wheel axle (6) of the controlled vehicle; 
a brake controller (8) to control a braking force 
applied to road wheels (1 ) of the controlled ve- 
hicle; and 

a vehicular velocity controller (20) including: 10 
a target inter-vehicle distance calculating sec- 
tion that calculates a target inter-vehicle dis- 
tance (L*) on the basis of the detected vehicular 
velocity (V s ) and the detected inter-vehicle dis- 
tance (L), 15 
a first vehicular velocity controlling section that 
performs vehicular velocity control such that 
the controlled vehicle follows up the preceding 
vehicle, maintaining the inter-vehicle distance 
(L) al the target inter-vehicle distance (L*), zo 
through at least one of the driving force control- 
ler (9, 10) and the brake controller (8), to bring 
the detected inter-vehicle distance (L) substan- 
tially coincident with the target inter-vehicle dis- 
tance (L*), and 25 
a vehicular deceleration stopping section that 
performs vehicular deceleration control to stop 
the vehicle in accordance with the inter-vehicle 
distance (L c ) pertaining immediately before the 
inter-vehicle distance detector (1 2) has ceased 30 
to detect the trapped preceding vehicle when 
the detected vehicular velocity (V s ) falls in a low 
vehicular velocity region lower than a predeter- 
mined velocity value (V L ) while the inter-vehicle 
distance detector does not trap a preceding ve- 35 
hide. 

Apparatus as claimed in claim 1 , wherein the vehic- 
ular deceleration stopping section includes: a target 
movement distance setting section that sets a tar- 40 
get movement distance (L ST ) of the controlled ve- 
hicle on the basis of the inter-vehicle distance (Lq) 
pertaining immediately before the inter-vehicle dis- 
tance detector (12) has ceased to detect the pre- 
ceding vehicle and the vehicular velocity (V s ); a tar- 45 
get vehicular velocity calculating section that calcu- 
lates a target vehicular velocity (V*) which takes a 
trajectory such that the controlled vehicle stops af- 
ter it has travelled the target movement distance 
(L ST ); and a second vehicular velocity controlling so 
section that performs vehicular velocity control 
through at least one of the driving force controller 
(9, 10) and the brake controller (8) to bring the ve- 
hicular velocity (V s ) substantially coincident with 
the target vehicular velocity (V*) when the vehicular ss 
velocity (V s ) falls in the said low vehicular velocity 
region. 



3. Apparatus as claimed in Claim 1 . wherein the ve- 
hicular deceleration stopping section includes: a 
preceding vehicle vehicular velocity estimating sec- 
tion that estimates a vehicular velocity (V t ) of the 
preceding vehicle: a target movement distance set- 
ting section that sets a target movement distance 
(L ST ) of the controlled vehicle on the basis of both 
of the inter-vehicle distance (Lq) pertaining imme- 
diately before the inter-vehicle distance detector 
(12) has ceased to detect the preceding vehicle and 
the vehicular velocity (V s ) of the controlled vehicle; 
a target vehicular velocity calculating section that 
calculates a target vehicular velocity (V*) which 
takes a trajectory such that the controlled vehicle 
stops after it has travelled the target movement dis- 
tance (L ST ) when the vehicular velocity (V t ) of the 
preceding vehicle is approximately zero and when 
the vehicular velocity ( V s ) detected by the vehicular 
velocity detector (13) falls in the said low velocity 
region while a preceding vehicle is not detected by 
the inter-vehicle distance detector (12). 

4. Apparatus as claimed in claim 3, wherein the pre- 
ceding vehicle vehicular velocity estimating section 
estimates the vehicular velocity (V t ) of the preced- 
ing vehicle by adding a differentiated value (L 0 *) of 
the inter-vehicle distance (Lq) to the vehicular ve- 
locity (V Q ) pertaining immediately before the pre- 
ceding vehicle ceased to be detected by the inter- 
vehicle distance detector (12). 

5. Apparatus as claimed in claim 2, wherein the target 
movement distance setting section sets the target 
movement distance L ST of the vehicle as follows: 

^st - Lo"Lk= 

wherein Lq denotes a stored inter-vehicle dis- 
tance which is stored into a first memory area of the 
inter-vehicle distance at the time point when the in- 
ter-vehicle distance detected which trapped the 
presence of the preceding vehicle has not trapped 
the preceding vehicle and which corresponds to a 
previously detected inter-vehicle distance L(n -1 ) 
and Lk denotes a constant. 

6. Apparatus as claimed in claim 5, wherein the target 
vehicular velocity calculating section includes a tar- 
get deceleration a as follows: a = V 0 2 /2-L ST . where- 
in V 0 denotes a stored vehicular velocity which is 
stored into a second memory area of the vehicular 
velocity of the vehicle at the time point when the in- 
ter-vehicle distance detector which trapped the 
presence of the preceding vehicle has not trapped 
the preceding vehicle and which corresponds to a 
previously detected vehicular velocity of the vehi- 
cle. 

7. Apparatus as claimed in claim 6, further comprising 
a running distance detector in response to the cal- 
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culation ol the target movement distance calculator 
to detect whether a running distance L CN of the ve- 
hicle indicates the target movement distance L ST 
and wherein the second vehicular velocity control- 
ling section outputs a target braking pressure P B * 
as follow: P B * = K-a, wherein K denotes a constant 
when Lcn < L ST and outputs the target braking pres- 
sure P B * which corresponds to a maximum braking 
force P MAX to the brake controller. 

8. Apparatus as claimed in claim 6, wherein the target 
vehicular velocity calculating section calculates the 
target deceleration a such that the deceleration 
having a large gradient which exceeds a predeter- 
mined gradient when the deceleration control is 
started occurs, when the deceleration reaches to 
the target deceleration a, the deceleration equal to 
the target deceleration a is continued for a prede- 
termined time duration and, thereafter, the deceler- 
ation having a small gradient which is smaller than 
the predetermined gradient occurs, and sets the tar- 
get vehicular velocity V* in accordance with an 
elapsed time T from the time at which the inter-ve- 
hicle distance detector which trapped the presence 
of the preceding vehicle has not detected the pre- 
ceding vehicle and in accordance with the target de- 
celeration a. 

9. Apparatus as claimed in claim 4, further comprising 
a first comparator to compare the vehicular velocity 
Vs with another predetermined velocity value V H 
which is higher than the predetermined velocity val- 
ue V L when the inter-vehicle distance detector 
whic . trapped the presence of the preceding vehi- 
cle r is not detected the preceding vehicle to deter- 
mine whether the vehicular velocity falls in another 
the low vehicular velocity range lower than the other 
predetermined velocity value and a second compa- 
rator to compare the vehicular velocity Vt of the pre- 
ceding vehicle with zero to determine whether the 
vehicular velocity Vt of the preceding vehicle indi- 
cates approximately zero when the first comparator 
determines that Vs < V H and wherein the target ve- 
hicular velocity calculating section calculates the 
target vehicular velocity V* when the second com- 
parator determines that Vt = 0 and the vehicular ve- 
locity V s of the vehicle falls in the low vehicular ve- 
locity range lower than the predetermined velocity 
value. 

1 0. Preceding vehicle following control apparatus for an 
automotive vehicle, comprising: 

vehicular velocity detecting means for detect- 
ing a vehicular velocity of the controlled vehicle; 
inter-vehicle distance detecting means for trap- 
ping the presence of a preceding vehicle and 
detecting an inter-vehicle distance from the 



controlled vehicle to the trapped preceding ve- 
hicle: 

driving force controlling means for controlling a 
driving force transmitted from a prime mover to 
5 a road wheel axle; 

brake controlling means for controlling a brak- 
ing force applied to road wheels of the control- 
led vehicle: and 

vehicular velocity controlling means including 
10 target inter-vehicle distance calculating means 

for calculating a target inter-vehicle distance on 
the basis of the detected vehicular velocity and 
the detected inter-vehicle distance, first vehic- 
ular velocity controlling means tor performing 
is vehicular velocity control such that the control- 

led vehicle follows up the preceding vehicle, 
maintaining the inter-vehicle distance at the tar- 
get inter-vehicle distance, through at least one 
of the driving force controlling means and the 
20 brake controlling means to bring the delected 

inter-vehicle distance substantially coincident 
with the target inter-vehicle distance, and ve- 
hicular deceleration stopping means for per- 
forming vehicular deceleration control in ac- 
2S cordance with the inter-vehicle distance per- 

taining immediately before the inter-vehicle dis- 
tance detecting means has ceased to detect 
the preceding vehicle, to stop the controlled ve- 
hicle when the detected vehicular velocity falls 
30 in a low vehicular velocity region lower than a 

predetermined velocity value while the inter-ve- 
hicle distance detecting means does not trap a 
preceding vehicle. 

35 11. A preceding vehicle following control method for an 
automotive vehicle, comprising: 

detecting a vehicular velocity of the controlled 
vehicle; 

40 trapping the presence of a preceding vehicle 

and detecting an inter-vehicle distance from the 
controlled vehicle to the trapped preceding ve- 
hicle: 

controlling a driving force transmitted from a 
45 prime mover to a road wheel axle of the con- 

trolled vehicle; 

controlling a braking force applied to road 
wheels of the controlled vehicle; 
calculating a target inter-vehicle distance on 
so the basis of the detected vehicular velocity and 

the detected inter-vehicle distance; 
performing vehicular velocity control such that 
the controlled vehicle follows up the preceding 
vehicle, maintaining the inter-vehicle distance 
55 at the target inter-vehicle distance, through 

controlling at least one of the driving force and 
the braking force, to bring the detected inter- 
vehicle distance substantially coincident with 
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the target inter-vehicle distance; and 
performing vehicular deceleration control in ac- 
cordance with the inter-vehicle distance per- 
taining immediately before the trapped preced- 
ing vehicle has ceased to be detected when the 
detected vehicular velocity falls in a low vehic- 
ular velocity region lower than a predetermined 
velocity value while no preceding vehicle is 
trapped. 
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